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Abstract. The interaction of CH3I molecules with 100 fs 800 nm linearly polarized laser ﬁelds has been
investigated at the intensity region from 2.6 × 1014 to 5.8 × 1014 W/cm2 by means of a velocity map
imaging method. The kinetic energy distribution of the various atomic fragment ions Iq+ (q = 1−3) has
been measured and reproduced by a ﬁt of multiple Gaussian functions. Several dissociative ionization and
Coulomb explosion channels were identiﬁed for Iq+ (q = 1−3). As expected for a geometric alignment
dominated interaction process the anisotropic angular recoil distributions of the atomic ion fragments are
peaked in the laser polarization direction. The kinetic energy release (KER) of Iq+ (q = 1−3) depending
upon the laser intensity has been investigated. The relative weight of the various contributions from the
identiﬁed dissociative ionization (DI) and Coulomb explosion (CE) channels is found to depend strongly
on the laser intensity.
1 Introduction
The interaction of strong laser ﬁelds with molecules, about
2 decade’s an active area of research already, forms a sub-
ject of exploration up till the present [1–14]. When the
intensity of a laser beam approaches around 1014 W/cm2,
the strength of its electric ﬁeld is comparable to that ex-
perienced by the molecular valence electrons. This gives
rise to interesting phenomena, such as multi photon ion-
ization (MPI), dissociative ionization (DI) [1–4], ﬁeld ion-
ization [5,8], Coulomb explosion (CE) [6,7,9–11], ﬁeld as-
sisted dissociation and electron re-scattering [12–14]. It
is a challenging task to unify the mechanism that lead
to these phenomena. The CE of a molecule is one of
the most studied mechanisms. CE leads to the genera-
tion of (multiple) positively charged ionic fragments. Typ-
ically, the kinetic energy disposed into a CE fragment ion
turns out to be substantially less than that expected for
a prompt dissociative ionization of a parent molecule at
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its equilibrium bond length RE . It was inferred that CE
occurs at a larger critical bond length RC due to bond
softening induced by the laser ﬁeld [10,15,16]. Various
models have been developed to explain this reduction in
Coulomb energy, for example, the two-step model [10],
the Thomas-Fermi-Dirac (TFD) model [17], the charge
transfer enhanced ionization (CREI) model [15,16,18–21]
and the Molecular Ammosov-Delone-Krainov (MO-ADK)
model [22–24]. The temporal rise of the E-ﬁeld ampli-
tude laser pulse brings about a weakening of the bind-
ing energy of the valence electrons to the molecules. Con-
sequently, the molecular bond length increases from its
RE until the laser pulse reaches its maximum intensity
at which the laser pulse brings about a weakening of the
binding energy of the valence electrons to the molecules.
Consequently, the molecular bond length increases from
its RE until the laser pulse reaches its maximum intensity
at which the bond length stabilizes at its critical length
RC . Consequently, the molecule ionizes predominantly at
R ≈ RC . The fragment ions born out of such a CE usu-
ally give rise to an anisotropic angular distribution which
favors the direction of the polarization vector of the laser
ﬁeld [18,25–34]. Such anisotropic angular distributions are
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characteristic for a CE based on a dynamic or a geometric
alignment mechanism or on a combination of these two.
In the dynamic alignment mechanism it is the E-ﬁeld
amplitude of the laser pulse, which during its rising slope
induces a dipole, reﬂecting the anisotropic polarizability of
the parent molecule. The interaction between this induced
dipole moment and the E-ﬁeld amplitude of the laser
ﬁeld pre-aligns the parent molecular axis to the laser’s E-
ﬁeld amplitude until the molecular bond stabilizes. Subse-
quently a Coulomb Explosion occurs after which the ionic
fragments recoil direction is parallel to the E-ﬁeld ampli-
tude of the laser pulse [18,25–29].
In the geometric alignment mechanism, the anisotropic
ion fragment recoil distribution reﬂects an extended bond
ionization rate, which depends on the angle between the
molecular bond axis and the polarization vector of the
laser ﬁeld. An additional mechanism, which could inﬂu-
ence the recoil direction of the positive charged fragments
of the Coulomb explode molecule is the Post Ionization
Alignment (PIA) eﬀect, which enhances the alignment
upon the ionization of the molecule [22–24].
Methyl iodide CH3I, a polar molecule with C3υ sym-
metry, serves as a benchmark symmetric top molecule,
which has been the object of many studies. As such it
served in a series of velocity map ion imaging experiments
that explored the pulsed ns laser induced photo disso-
ciation dynamics of a C3υ parent molecule [32–35]. The
spatial alignment of CH3I due to its exposure to intense
nanosecond and picosecond pulse laser ﬁelds has been de-
termined by the analysis of the angular recoil distribution
of the photo fragments using velocity mapped ion imag-
ing (VMI) or time of ﬂight (TOF) mass spectrometric
techniques [36–38].
The ﬁrst experiment, in which the angular distribu-
tion of the ionic fragments arising from the CE of a CH3I
molecule was observed, a 1016 W/cm2, 50 fs, 790 nm
pulsed laser ﬁeld was applied. As a means to observe the
angular recoil distribution of the ionic fragments, Graham
et al. [39] varied the direction of the laser polarization vec-
tor with respect to the axis of their time of ﬂight mass
spectrometer (TOF-MS). All angular recoil distributions
of single and multiple charged fragments, detected up to
I7+, favored the direction of the polarization vector. Be-
cause of the shortness of the 50 fs laser pulse compared
to the inverse of the rotational constant (1/B = 133 ps)
of CH3I, this preference was attributed to geometrical
alignment.
Ma et al. [40] irradiated CH3I molecules with 110 fs,
810 nm laser pulses at intensities which ranged from 2.5 to
25×1015 W/cm2. Employing the TOF-MS technique, they
succeeded, when the laser polarization was tuned parallel
to the TOF axis, to resolve a spitting between the mass
peaks of the atomic ion fragments whose CE induced recoil
velocity pointed towards and those away from the MCP
ion detector. The resulting kinetic energy releases (KERs)
increased only slightly with increasing laser intensity. Ex-
perimental tests demonstrated that geometric alignment
indeed was the dominating CE mechanism for CH3I at a
110 fslaser pulse duration.
Applying 180 fs 798 nm laser pulses mainly at 6.6 ×
1014 W/cm2, Liu et al. [41] explored the CE and DI
dynamics of CH3I employing a reﬂectron time-of-ﬂight
mass spectrometer. Its superb mass resolution made it
possible to resolve the KERs of fragment ions (with the
same mass over charge ratio) originating from diﬀerent CE
and DI channels. The observed CE channels were assigned
by matching the recoil energy distributions of an individ-
ually resolved CHp+3 and I
q+ ion to a particular channel
n ≡ p + q with 2 ≤ n ≤ 10. Moreover all DI and CE frag-
ment ions distributions were well described by a Gaussian
distribution and also to be insensitive of the laser intensity.
For each KER channel, the inter-nuclear distance R = RC ,
at which the CE takes place, was obtained by matching
the maximal possible KER to the height of the Coulomb
potential between the fragments at R = RC . In this and
other studies it is customary to apply the pure Coulomb
ﬁeld approximation:
KER (eV) ≈ 14.4× p× q/RC (A˚) (1)
RC ≈ 3.7 A˚ resulted as a typical value for CH3I indepen-
dent on p and q [42]. The KER’s obtained in this study
refer to a geometric alignment, where the laser polariza-
tion vector pointed along the TOF axis.
In a subsequent study Wang et al. [42] applied the Ve-
locity Mapped Ion imaging (VMI) method to explore the
recoil of the ionic fragments resulting from the exposure
of CH3I to a 35 fs, 800 nm laser pulse. At their lowest
intensity 5×1013 W/cm2, the observed recoil velocity dis-
tributions for of CH+3 and I
+ were found to originate from
3 diﬀerent DI channels. Each of these channels ﬁtted well
to a Gaussian velocity distribution. At the more intense
laser ﬁeld of 6× 1014 W/cm2 the CE channels dominated
the VMI’s. Their KER’s were ﬁtted by a sum of Gaussian
speed distribution functions for each of the I+, I2+ and I3+
fragments. The KER’s agreed reasonable well with those
found by Liu et al. [41] earlier at the same laser intensity
but with a longer 180 fs laser pulse duration [42].
More recently, Corrales et al. [43] applied a short
(50 fs) and non-resonant (804 nm) laser pulse to study
the CE and DI of CH3I in the high density region of
a molecular beam. This is in contrast to the other ex-
periments described in this paper and in previous stud-
ies [39–42]. Employing, 1 to 6 × 1013 W/cm2 laser ﬁeld
intensities, much lower than those applied in previous
studies [25,39–42], the recoil energy distribution of the
Iq+ and CHp+3 CE ion pair fragments were found to ex-
hibit a double peak structure at recoil energies much less
than those observed in previous studies. Multiple peak
structured CE recoil distributions turned out to occur for
all q ≤ 2 CE born Iq+ ion fragment channels. Corrales
et al. [43] rationalized this novel phenomenon by the in-
troduction of a new theoretical model. This model is based
on a state-of-the-art ab initio calculation of all the one-
dimensional potential curves of all CH3I2+, CH3I3+ and
CH3I4+ electronic dissociative and bound states that adi-
abatically connect to the range of electronic states of the
Iq+ ion fragment. Thereafter, assuming a vertical Franck
Condon transition from the minimum of the electronic
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ground state PES, the kinetic energy for each of the ionic
fragment channels was evaluated propagating the neutral
ground state wave packet on each of the CH3In+ potential
curves. The KER of an outgoing Iq+ CE ionic fragment
was found to reﬂect the internal energy of the speciﬁc
electronic states.
In the present paper we report a molecular beam ex-
periment, in which the CH3I molecules are exposed to
a 100 fs, 800 nm laser ﬁeld at intensities ranging from
2.6×1014 W/cm2 to 5.8×1014 W/cm2. The resulting an-
gular recoil energy distributions of the generated I+, I2+
and I3+ ion fragments were obtained with the VMI tech-
nique [44]. The laser intensity and recoil energy depen-
dent branching between the various via multi photon ab-
sorption populated DI and CE explosion channels as well
as their associated angular distributions of the generated
iodine ions will be discussed.
2 Experimental setup
Our experiments were performed using a standard veloc-
ity map imaging system similar to that of Eppink and
Parker [44]. At a backing pressure of 4 bar a mixture of
10% CH3I seeded in He was expanded supersonically via a
pulsed valve (General Valve Series 9, 0.5 mm oriﬁce) into
the source chamber. Before entering the ionization cham-
ber the supersonic molecular beam was passed through a
0.5 mm Ø skimmer mounted 6 cm downstream from the
nozzle exit. The distance between the nozzle exit and the
interaction spot of the laser ﬁeld with the CH3I molecule
beam in the ionization chamber was about 710 mm. A
4 mm Ø hole in the repeller plate of the coaxial VMI
lens assembly collimated the CH3I beam which 8 mm fur-
ther downstream in the horizontal plane crossed the about
w0 ≈ 100 μm waist radius of an intensive 800 nm 100 fs
laser beam pulse, provided by a 10 Hz repetition rate
chirped-pulse ampliﬁed Ti:sapphire Spectra Physics laser
system. The total of 50–100 Iq+ ions from a Gaussian laser
beam volume of (πw20)2/λ = 0.1233 mm3 at a density of
(4.05−8.11)×106 Iq+ ions/cm3 generated in a single laser
shot warranted that the inﬂuence of space charge onto the
ion imaging process could be ignored.
Moreover the coaxial geometry of our imaging system
and CH3I beam enhanced the energy resolution of our
VMI imaging system. The diﬀerentially pumped ioniza-
tion chamber equipped with two turbo molecular pumps
maintained a background pressure of 5 × 10−7 Pa at the
ionization/detection chamber. A variable positive voltage
VR could be applied onto the repeller plate of our VMI sys-
tem. The ions generated by the laser pulse pass through a
20 mm diameter aperture in the extractor plate, which is
at a voltage of VE (<VR) at a distance of 15 mm from the
repeller plate. Equidistant circular concentric 1 mm tick
copper plate electrodes (similar to the extractor plate)
provided an approximately 198 mm long immersion ion
lens system in which the fragment ions are accelerated to
a kinetic energy of about q · VR. Subsequently these ions
enter a 54 cm long TOF tube upon which they ﬁnally im-
pinge onto a position sensitive detector. This detector is
equipped with dual MCPs (40 mm in diameter) coupled
to a fast phosphor screen (P47).
To allow the mass selection of a particular photo-
fragment ion, the gain of the MCP was gated by apply-
ing a timed 1 μs voltage pulse (DEI, PVX-4130, ±6 kV
pulse generator) on the MCP plate, which faces a phos-
phor screen. All static electric ﬁelds of the ion optics
were carefully adjusted to attain the velocity mapping
condition. Optimal velocity mapping was obtained with
VE/VR ≈ 0.75 (VR = 4150 V). Images of the signal on
the phosphor screen were recorded using a CCD camera
(ANDOR iKon-M) and accumulated typically for 6000–
12 000 laser shots. The raw images were processed using
Abel inversion to obtain three-dimensional distributions
of the positively charged photo-fragments.
The ﬂight time of the various ionized molecules and
fragments generated by the intensive fs laser pulse, which
polarization vector is pointing parallel to the MCP plane,
is proportional to their (m/q)1/2 ratio. To circumvent the
dead time uncertainties associated to the timing of an elec-
tronically generated trigger pulse a noninvasive method
has been applied to determine the τ = 0 TOF moment
at which the CH3I beam is exposed to the high inten-
sity fs laser pulse, which causes the CH3I molecules to
Coulomb explode or to dissociative ionize into positively
charged fragments. Delayed by their (m/q)1/2 propor-
tional ﬂight times an ion peak is generated at the output of
the non-gated MCP detector. Where after the ﬂight times
of these peaks with respect to an unknown τ = 0 mo-
ment are registered. Next the optimal VMI VE/VR ≈ 0.75
(VR = 4150 V) repeller and extractor plate voltages were
raised with a factor of 2. This raise implies that all mass
peaks shorten their ﬂight time τ with a factor
√
2 com-
pared to their ﬂight time at the optimal VMI condition.
The MCP arrival times obtained are plotted as a func-
tion of the (m/q)1/2 value of all identiﬁed ion mass peaks.
This plot results in 2 lines, which diﬀer a factor surd2 in
slope and cross at the (m/q)1/2 = 0 ordinate axis position,
which denotes the sought after τ = 0 laser pulse ﬁring mo-
ment. The precondition that the laser polarization vector
has to point parallel to the MCP precludes a TOF peak
split of a CE and MI produced ion fragment observed at
some of the previous studies [37,41] and validates that at
a VMI condition τ = Leff
√
2m
q·Vs . Where Leﬀ denotes the
eﬀective length of a TOF tube. Hence
v = Leﬀ /τ =
√
(q · Vs)/2m. (2)
The empirical relation between the velocity component
of ν along the TOF axis of a CE or DI resulting in the
CH3I ion fragment transversal recoil velocity vector u′
points perpendicular to TOF axis, and the VMI will be
positioned on a sharply intensiﬁed circle with radius:
R = N · u′ · τ (3)
where N denotes the ampliﬁcation factor in
R = N · Leﬀ [44]. The N value of our apparatus,
needed to calibrate the Iq+ recoil velocities, was obtained
numerically (SIMION 6.0).
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Fig. 1. TOF mass spectra of CH3I irradiated by 800 nm, 100 fs laser pulses at intensities of 3.8 × 1014 W/cm2.
3 Results and discussion
3.1 Time-of-flight mass spectra
Figure 1 shows a typical TOF mass spectrum of CH3I
molecules after interaction with an 800 nm 100 fs laser
pulse at an intensity of 3.7 × 1014 W/cm2 obtained at
the optimal velocity mapping VE and VR voltages. The
dominant peaks in the mass spectrum are the CH3In+
(n = 1−2) parent ions, the fragment CH+k (k = 0−3)
group and the fragment iodine ions, Iq+ (q = 1−3). The
presence of the multiple charged fragment ions indicates
that a Coulomb explosion (CE) process in the intense laser
ﬁeld is taking place. These ions are produced in quanti-
ties that are comparable to those of singly charged iodine
ions, which indicates a competition between Coulomb ex-
plosion and multi-photon dissociative ionization (MPDI)
channels. The small mass peak, which corresponds with
the double charged CH3I2+ parent ion, is clearly resolved
in the TOF spectrum. The observation of a double charged
parent ion indicates the presence of a well in the Potential
Energy Surface (PES) along the C-I bond reaction coor-
dinate which is deep enough to permit a stable CH3I2+
ion [41,43]. Similar phenomena and corresponding calcu-
lations have been reported about the CE process of N2
and O2 in an intense laser ﬁeld [24,43]. As to be ex-
pected the longer the laser pulse lasts at a particular
laser intensity the more fragmentation of the CH+3 rad-
ical ions is observed. Raising the laser intensity at ﬁxed
pulse duration renders the same eﬀect. Since the maximal
5.8 × 1014 W/cm2 laser intensity, applied in the present
experiment, is almost two order magnitude larger than the
maximal laser intensity in the Corrales et al. [43] experi-
ment, the number of observed CH3I KER (p, q) channels
in the present study is appreciable larger. There is no in-
dication of CH3I cluster formation in the TOF mass spec-
trum, probably due to the low CH3I (X) concentration in
the gas mixture at the expansion stage.
To investigate the nature of the well of the CH3I2+ pre-
cursor ion C-I bond at our laser intensities, ab initio com-
putations employing the Molpro2010 package have been
carried out. The 46 inner electrons of the iodine atom,
were accounted for by a relativistic eﬀective core potential
and the valence 5s5p electron were described with a con-
tracted Gaussian basis set (9s9p3d2f1g)/[5s5p3d2f2g]. To
account for the interactions involving the carbon and/or
the hydrogen atoms, an all-electron Gaussian basis set
aug-cc-pVTZ was used. The state-average complete active
space self-consistent ﬁeld (SA-CASSCF) method was uti-
lized to generate optimized zero-order wave functions. To
account for dynamic correlations multistate-CAS second-
order perturbation calculations (MS-CASPT2) were in-
cluded. In the SA-CASSCF computational method, the
resulting active C-I bond space consists of one bonding,
one anti-bonding and two non-bonding orbitals. The spin-
orbit coupling was treated at the CASSCF level, while
the diagonal elements of spin-orbital matrix were replaced
by the MS-CASPT2 energies of the S-states of CH3I2+.
These calculations yielded the electronic ground states of
the CH3I neutral, which 2.3 eV well depth is in accor-
dance with experimental results [33] and the well depths
of the CH3In+ ions with n up to 3. The geometry of CH3
radical was assumed to remain ﬁxed at these one dimen-
sional PES’s of the CH3In+ (n = 0, 1, 2, 3) electronic
ground state. The n ≤ 3 predicted well depths are con-
sistent with a well deep enough for a bound CH3I3+ ion
with respect to its C-I bond breaking stretch coordinate.
Spectroscopic determined C-I bond length dependence of
the various dissociative channels of the CH3I+ ion oﬀers
a convincing experimental basis for the importance of the
CH3I+ → CH3+I+ DI channel [45].
The hydrocarbon ions, CH+k with k = 0−3 contribute
also to the TOF spectrum. Unfortunately these TOF
peaks overlap strongly that a measurement of a sepa-
rate ion image for each of these individual ionic frag-
ments turned out to be impossible. Moreover, the kinetic
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energy of the CH+k fragments born out a CE process is
expected to be mostly too large to impinge onto our 4 cm
Ø MCP detector. Therefore at all our three laser inten-
sities only the recoil velocity distributions of the slower
single, double and triple charged iodine fragments could
be imaged in our experiment. The observed Iq+ fragment
ion images provided both the kinetic energy and angular
recoil distributions, which oﬀered the possibility to obtain
a more profound knowledge about the MPDI and CE pro-
cesses that occur in CH3I molecules that are exposed to
2.6−5.8× 1014 W/cm2 laser ﬁeld intensities.
3.2 The Coulomb explosion and multi photon
dissociative ionization of CH3I
In a laser ﬁeld, the molecular ionization process is much
faster than that of dissociation. Consequently, the ioniza-
tion process of a neutral CH3I molecule takes appreciable
less time than that required for the dissociation into neu-
tral fragments. So the CH3I molecules are ﬁrst ionized by
a fs pulsed laser ﬁeld where after the resulting parent ion
CH3In+ will dissociate into diﬀerent fragment ions. When
CH3In+ is irradiated by a 50 fs 804 nm I = 1013 W/cm2
laser ﬁeld MPDI is allowed [14]. When the laser intensity
increases, highly charged ions are induced by the intense
laser ﬁeld, leading to Coulomb explosion. In an intense
laser ﬁeld, CE typically occurs at laser intensities of the
ﬁeld-induced ionization (FI) region. The probability of FI
is marked by the value of the adiabatic parameter, AP, as
was introduced for atoms by Keldysh [46],
AP =
√
IE
1.87× 10−13 × I0 × λ2 (4)
here, IE is the molecular ionization energy (in eV) in
the absence of a laser ﬁeld, I0 is the peak intensity of
laser (in W/cm2) and λ is the laser wavelength (in μm).
Generally, values of AP < 1 indicate participation of
the FI mechanism, while values of AP > 1 imply that
the MPI mechanism is dominant. In the present case
of CH3I (IE = 9.54 eV) and λ = 800 nm, according
to equation (3) the (AP = 1) turning point occurs at
I0 = 7.9 × 1013 W/cm2. Since I0 denotes the laser beam
axis intensity maximum of the Gaussian shaped intensity
beam proﬁle and because the laser intensity range applied
in the present study ranges from 2.6 × 1014 W/cm2 to
5.8 × 1014 W/cm2, one expects signiﬁcant contributions
both from the CE and the DI ionization channels. These
channels are labeled Gq(p, q), where p ≥ 0 and q ≥ 0
denote respectively the charge numbers of the CHp+3 and
the Iq+ fragments. The eventual presence of an additional
channel at a particular q is indicated as Gq (p, q′). The
speciﬁcs observed for the G1 (0, 1), G1(0, 1′) and G2(0, 2),
P (Et) multi photon DI channels are given in Sections 3.3
and 3.4.
3.3 The I+, I2+ and I3+ ion fragment recoil energy
distributions at a laser intensity of 3.7 × 1014 W/cm2
The most left panels of Figure 2 depict the raw VMI im-
ages of I+, I2+, and I3+ fragment ions obtained at a laser
intensity of 3.8× 1014 W/cm2. The polarization vector of
the laser pointed along the vertical direction of the image
plane. As expected an Iq+ ion favors to recoil along the
polarization vector of our intense fs laser ﬁeld. The VMI
images of the CH3I+ and CH3I2+ parent ions correspond
to a tiny spot at the center of the phosphor screen. These
isotropic spots are not displayed in Figure 2. The central
column of Figure 2 displays the ion images that result
from enforcing the raw ion images left-right and top-down
symmetry with respect to the horizontal and vertical line
of the ion images. Moreover an ideal ion image is expected
to be symmetric with respect to the vertical axis, which
is assumed also to cross the image position of the par-
ent ion. The minute disturbances to a perfect four-fold
symmetry of the raw ion images are due to image errors
which originate from imperfect ion optics, from an imper-
fect alignment of the polarization vector along the vertical
direction and/or from an imperfect homogenous gain over
the surface of the dual MCP. In the present experiment
much care was taken to align the polarization vector of
the intense laser ﬁeld along the vertical direction, which
resulted in a nearly fourfold symmetric ion image. All ob-
served ion images, shown in the left column of Figure 2 are
almost identical to the four-fold symmetrical ones in the
central column. The panels in the right column of Figure 2
display the Abel inverted cylindrical symmetric recoil ve-
locity distribution of the Iq+ fragments with respect to
the polarization vector, as obtained with the “Davis62”
computer code [47].
Upon the integration over the full range of recoil an-
gles of the cylinder symmetric reconstructed 3D veloc-
ity mapped ion images, the recoil velocity distribution
for each of the three diﬀerently charged iodine ions is
obtained. Subsequently, these velocity distributions were
converted to kinetic energy recoil (KER) distribution
which include the contribution of the non-observed CHp+3
fragment. The KER (also called Et) in the center of mass
system follows from:
KER =
mCH3I
mCH3
×KERI = 9.47×KERI (5)
in which KERI corresponds to the CMS kinetic energy re-
lease of solely the Iq+ (q = 1−3) ion. The resulting P (Et)
KERI probability distributions, obtained from Abel in-
verted I+, I2+, and I3+ fragment ions VMI’s, are shown
in Figure 3. For each of the three P (Et) distributions the
recoil energy with the highest probability was scaled to
unity. Figure 3 shows clearly that the P (Et) distributions
are distinctive for diﬀerently charged iodine ions. As the
charge of the iodine fragment increases, the width of the
P (Et) distribution as well as the maximum kinetic recoil
energy increases. In addition, the P (Et) distribution of
the I+ fragment carries two distinctive recoil features, one
at low kinetic energy (centered at about 0.1 eV) and one
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Fig. 2. Images of I+, I2+ and I3+ at laser intensity of 3.7 × 1014 W/cm2. The white circles in (a–c) label the peak position of
the kinetic energy components. Each kinetic energy component is labeled by Gq(p, q). The capital letter G means that we use
Gaussian function as the ﬁtting function. The numbers p and q are deﬁned as CH3I
(p+q)+ → CHp+3 +Iq+. The prime symbol ′
after the q denotes an additional Coulomb explosion channel.
at high kinetic energy (centered at about 0.5 eV). The
P (Et) distribution of the I2+ fragment exhibits a less pro-
nounced shoulder at the low kinetic energy region. The
P (Et) distribution of the I3+ fragment, however, shows no
evidence at all for a low kinetic energy distribution feature.
Liu et al. [41] succeeded to simulate their observed TOF
high-resolution mass spectra of various p and q charged
ion fragments of CH3I, in which they presumed a Gaussian
shaped velocity recoil distribution for each of their (p, q)
channels. In the present paper also a Gaussian transla-
tional energy P (Et) distribution was assumed for each of
the individual (p, q) DI or CE channels:
P (Et) =
C
1
2W
√
2π
exp
[
− ln 2× (Et − Epeak)2
1
2W
2
]
(6)
where, Epeak and W are the peak value and the FWHM
of the kinetic energy distribution respectively. C is a nor-
malization factor. As Figure 3 shows, the application of
equation (6) leads to a nearly perfect ﬁt for each of our
Iq+ recoil energy distributions. The number of DI and
CE channels as well as their experimental values of Epeak
for each of the VMI’s shown in Figure 2. were based on
the structured polar angle and recoil energy dependen-
cies. The white circle radii in Figure 2 denote the peak
intensity position of the kinetic energy released for each
of the distinct DI and CE channels. Table 1 lists both the
Epeak and W values of the CE channels obtained in our
experiment and those of previous experiments [41–43].
Typically, for most CE channels the KER’s as ob-
served by Liu et al. [41] and also those obtained by Wang
et al. [42] are somewhat larger than the ones obtained in
our experiment. Partially, these diﬀerences are due to the
intensity enhancement of the faster ion fragments with re-
spect to the slower ones in a TOF experiment with respect
to the Iq+ VMI detected signal, which lacks this recoil
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velocity biased enhancement. Additionally, in the
experiment of Liu et al. [41] only the CE ion fragments
that favor to recoil along the axis of the high resolution
reﬂectron TOF Mass Spectrometer are detected, while in
the present experiment this restriction is absent. Finally
the 35 fs laser pulse applied in the experiment by Wang
et al. [42], compared to the 100 fs pulse used in our experi-
ment, also leads to larger KER’s. This because the critical
C-I bond stretch, at which the CE occurs, decreases upon
shortening of the laser pulse.
The observations by Corrales et al. [43] lead to much
larger KER’s than those of the present and earlier ob-
served ones [41,42]. These diﬀerences were attributed to a
diﬀerent type of Coulomb explosion mechanism associated
to their at least an order of magnitude less intense fs laser
pulses.
To obtain realistic values for RC , it turned out to be
necessary to assign only the Epeak ≥ 0.4 eV as CE chan-
nels. Consequently, the I+ and I2+ Epeak < 0.4 eV frag-
ment channels are DI channels. The Gaussian P (Et) func-
tion resulted in an excellent ﬁt to the low I+ kinetic recoil
energy range of the experimental KERs depicted in the
(a) and (b) panels of Figure 3. This procedure evidenced
the presence of at least two distinctive ionization channels
G1(0, 1) and G1(0, 1′), centered at Epeak = 0.06 eV and
at Epeak = 0.17 eV respectively. The ﬁt of the low I2+ re-
coil energy range in Figure 3 required the contribution of
a single G2(0, 2) DI channel centered at Epeak = 0.17 eV.
Table 1 provides a comparison of the energy balance based
calculated KERs which are compared with the values of
Epeak and W that resulted from the dissociative ionization
channels.
3.4 The Gq(0, q) KER channels of the multi photon
dissociative ionization of CH3I
The ionization process originating from the ground state
CH3I(X) molecule is much faster than the dissociation
process. It requires the absorption of seven 800 nm fs
photons to emit one electron of the outer shell nonbond-
ing orbital. The resulting intermediate CH3I+(X) ion is
expected to reside temporally in the vibrational ground
state of the 2E3/2 lower or of 2E1/2 upper spin orbit ro-
tational manifold, which origins respectively are shifted
76 930 cm−1 and 81 979 cm−1 upwards with respect to
the CH3I(X) ground state [48]. This is expected because
the rotational constants of CH3I+(X) A = 5.200 cm−1
and B = 0.253 cm−1 are nearly the same as those of
CH3I(X) A = 5.174 cm−1 and B = 0.250 cm−1 [47,49].
The large Franck Condon factor associated with these
nearly similar rotational constants strongly enhances the
multi photon absorption rate for this particular transi-
tion. Moreover, the CH3I+[2E3/2(X)] ion has to absorb at
least three additional 800 nm photons to rise from the
22 018 cm−1 deep PES well above the dissociation limit
to the CH3(X2A′′) + I+(3Pj) fragment channel of CH3I+
its A˜ state [47,48]. This dissociation process disposes the
CH3 radical fragment in the vibronic ground state [50]
and I+(3Pj) in the j = 2 electronic ground state or in
Fig. 3. The KER distributions of (a) I+, (b) I2+, and (c) I3+
fragment ion components born after laser irradiation at an in-
tensity of 3.7 × 1014 W/cm2. In each panel, the thick blue
curve is the experimental observed result, the black curve the
ﬁtting result, and the red dashed curves the KER distribu-
tion of the contributing individual channel iodine ion compo-
nent that contributes to the overall Iq+ ion fragment KER
distribution.
the j = 0, 1 electronically exited states. Table 2 lists the
theoretically predicted coaxial dissociation energies and
KERs resulting from a three (or two) 800 nm photon ab-
sorption of a CH3I+(X, 2E3/2) and of CH3I+(X, 2E1/2)
parent ion, as well our observed KERs obtained at a laser
intensity of 3.7×1014 W/cm2 for the j = 2 and the j = 0,
1 CH3(2A′′) + I+(3Pj) dissociation channels. For com-
parison also the previously determined DI KERs of CH3I
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Table 1. The Coulomb explosion Iq+ (q = 1−3) KERI ’s observed in this work at the particular laser intensity I , wavelength
λ and pulse duration τ are compared with the indicated previous studies. Note that Corrales et al. [43] applied three diﬀerent
laser intensities. The Coulomb explosion channels are denoted (p, q) where the p and q are deﬁned as CH3I
(p+q)+ → CHp+3 +Iq+.
If available, the value of the FWHM of that particular Iq+(p, q) KER peak is indicated. RC denotes the height of the Coulomb
potential that matches with the maximal probable KER of the corresponding (p, q) Coulomb explosion channel, also listed in
this table. The total kinetic energy release in the center of mass system follows from: KERcm ≡ mCH3ImCH3 ×KERI = 9.47×KERI .
Coulomb explosion
This work: Liu et al. [41]: Wang et al. [42]: Corrales et al. [43]:
I = 5.8× 101 W/cm2 I = 6× 1014 W/cm2 I = 6.6× 1014 W/cm2 I = 1.0.× 1013 W/cm2
channel (p, q)
τ = 100 fs pulse τ = 180 fs pulse τ = 35 fs pulse τ = 50 fs pulse
λ = 800 nm λ = 798 nm λ = 800 nm λ = 804 nm
KERI(p, q) RC(p, q) KERI(p, q) RC(p, q) KERI(p, q) RC(p, q) KERI(p, q) RC(p, q)
FWHM [eV] [A˚] FWHM [eV] [A˚] FWHM [eV] [A˚] FWHM [eV] [A˚]
(1, 1) 0.39 ± 0.12 3.9 0.46 3.3
0.13
FWHM
(1, 1′) 0.43 ± 0.12 3.5 0.43 3.5 0.46 3.3 0.55 2.8
0.10
FWHM
(2, 1) 0.65 ± 0.02 4.8 0.86 3.5 I = 3.0× 1013 W/cm2
0.32
FWHM
(1, 2) 0.80 ± 0.07 3.8 0.85 3.6 1.06 2.9
0.46 0.2
FWHM FWHM
(2, 2) 1.32 ± 0.04 4.6 1.62 3.8
0.70
FWHM
(3, 2) 2.15 ± 0.05 4.2 2.37 3.8 3.32 2.7 I = 6.0× 1013 W/cm2
1.12
FWHM
(1, 3) 1.25 3.6 1.67 2.7
(1.3′) 2.34 1.9
(2, 3) 2.04 ± 0.08 4.5 2.22 3.8 2.58 3.5 4.26 2.1
1.01
FWHM
(3, 3) 3.21 ± 0.05 4.3 3.60 3.8
1.17
FWHM
(4, 3) 4.91 3.7 4.63 3.9
(4, 4) 6.59 3.7
Table 2. The calculated I+ KERs of the n photon dissociation channels of CH3I
+and the observed I+ KERs by Liu et al. [41],
Wang et al. [42] and in this work. The widths (FWHM) of these peaks are in parenthesis.
Gq(p, q) DI channel of CH3I
+ Dissociation n Calculation This work References
energy
(eV) Production KERI (eV) Production KERI (eV) [41] [42]
G1(0, 1) CH3I
1+(X 2E3/2) → 1.32 3 I1+ 0.14 I1+ 0.17 ± 0.03 0.16
CH3(
2A
′′
) + I1+(3P2) FWHM(0.16)
G1(0
′, 1) CH3I1+(X 2E1/2) → 0.39 2 I1+ 0.04 I1+ 0.03
CH3(
2A
′′
) + I1+(3P2)
G1(0, 1
′) CH3I1+(X 2E3/2) → 0.48 3 I1+ 0.05 I1+ 0.06 ± 0.01 0.07 ±
CH3(
2A
′′
) + I1+(3P1,0) FWHM(0.08) 0.03
G1(0
′, 1′) CH3I1+(X 2E1/2) → 1.11 3 I1+ 0.11 I1+ 0.09
CH3(
2A
′′
) + I1+(3P1,0)
G2(0
′, 2) CH3I2+(X 2E1/2) → 1.7 ± 0.1 1 I2+ 0.18 ± 0.01
CH3(
2A
′′
) + I2+(4S03/2) FWHM(0.29)
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Table 3. The anisotropic parameters β2n (n = 1, 2, 3) from
the angular distribution of the MPDI channels G1(0, 1), G1(0,
1′) and G2(0, 2).
β2 β4 β6
G1(0, 1), G1(0, 1
′) 0.73 0.17 0.11
G2(0, 2) 0.75 0.25 0.08
are shown [41,42]. The energy splitting between the j = 0
and j = 1 is too small to be resolved in our and other
experiments.
The TOF mass spectra at laser intensities ranging be-
tween 1.0× 1013 W/cm2 and 6.0× 1013 W/cm2 provided
by Corrales et al. [43] exhibit a minute CH3I2+ mass peak
whose height increased with laser intensity. Figure 1 in the
present paper depicts the TOF mass spectrum obtained
at a laser intensity of 3.8 × 1014 W/cm2 showing a small
but robust CH3I2+ mass peak. In the RTOF-MS spectra
at I = 6.6 × 1016 W/cm2 an intense CH3I2+ mass peak
was observed by Liu et al. [41]. It was their TOF mass
spectrum which provided the ﬁrst evidence of a bound
CH3I(X)2+ dication. The existence is corroborated with
an ab initio calculation which predicts a 0.5 eV deep po-
tential energy minimum at RC−I ≈ 2.1 A˚ which at large
RC−I distances correlates to the I+(3P2) + CH+3 (
1A1) ion
fragments. However, the SA-CASSCF adiabatic potential
curves of CH3I2+ depicted in Figure 3 of reference [43]
that correlate with the I+(3P2) channel leading to forma-
tion of metastable states does not show a well in the PES,
preventing fast photo fragmentation of the parent ion.
Panel (b) of Figure 3 shows that the CH3I2+(X) also
dissociates into the CH3 + I2+ fragments with a Gaussian
KERI distribution with a KERI = 0.2 eV and a FWHM
WI = 0.3 eV, which implies according to the KER trans-
formation equation, see equation (4), to a KER = 1.9 eV
with a FWHM W = 2.8 eV for the G2(0, 2) channel.
The lowest eigen energy of the double charged I
atom with respect to the I(2P3/2) neutral ground state
is 29.58 eV of the I2+(5P3–4S03/2) state. In the limiting
case that all DI dissociation energy would deposed into
KER, the CH3I2+(X) eigen energy would be about 1.9 eV
above that of the I2+(3P2) + CH3(2A′′2 ) observed DI chan-
nel. Noting that the C-I Bond dissociation energy of the
A-X CH3I(X) 266 nm band has been experimentally de-
termined to be D0[CH3I(X) → CH3(2A′′2) + I(2P3/2)] =
2.366 ± 0.031 eV [35], one implies that the eigen energy
of the spatially separated CH3(2A′′2) and I(
2P3/2) ground
state fragments is 2.366 ± 0.031 eV above the X(0, 0, 0)
ground state of CH3I [48]. The eigen state energy of
I2+(5P3–4S03/2) is 29.58 eV above the I(
2P3/2) state1. Thus
we conclude that the CH3(2A′′2 ) + I(
2P3/2)] channel lies
30.96 eV above the origin of CH3I(X) and that the origin
of the CH3I+2(X) dication is 32.9 eV above the origin of
CH3I(X).
1 http://physics.nist.gov/PhysRefData/Handbook/
Tables/iodinetable1.htm
3.5 KER and recoil angle distribution
of the Gq (p > 0, q > 0) channels
at a 3.7 × 1014 W/cm2 laser intensity
Typically at laser intensities above 1014 W/cm2 on the
rising edge of an 800 nm laser pulse, as predicted by
MO-ADK theory, a HOMO electron will escape from the
molecule via tunneling ionization through the laser ﬁeld
lowered potential barrier of the molecular ﬁeld [22]. The
angle-dependent ionization probability typically mimics
the shape of the outer most HOMO orbital. The loss of
such an electron weakens the strength of the molecular
bond, leading to a stretching of the CI bond, which max-
imizes at the peak of the laser E-ﬁeld. There after the
momentary laser ﬁeld strength will drop and eventually
change its sign. This allows the previously escaped elec-
trons to scatter from the molecular ion, which on their
turn excite the remaining molecule bonded electrons even
more or detach them from the molecular ion. This pro-
cess of rapidly increasing C-I bond length continues till
the CH3In+ is stretched to the bond length at which the
molecule Coulomb explodes. During this bond stretching,
the component of CH3In+ its dipole polarizability tensor
α⊥ directed perpendicular to the C-I bond axis will remain
essentially constant. The component parallel with the C-I
axis α||, will increase strongly with the growing length of
the C-I bond. It is this mechanism, on which the so-called
post-ionization alignment (PIA) eﬀect is based [23]. Since
rotational B constant of CH3In+ decreases proportionally
to the square of the C-I axis R bond length, this stretching
leads to a torque on the CH3In+ axis, which rotates the
axis to an angle more parallel to the fs laser polarization
vector, till at R = RC the Coulomb explosion occurs. Re-
garding the C-I Coulomb explosion process, it is relevant
to note that in the example of N2 and O2, the outcome of
equation (1) was found to be accurate, resulting from ac-
curate potential energy curves of multi-charged molecular
ions at inter nuclear distances larger than 3 A˚ [24].
At the previous CH3I CE exploring experiments, the
laser pulse durations, which generated the CE of CH3I,
were respectively 180 fs [41] and 35 fs [42]. Inspection of
Table 1 shows that generally the Epeak values of the CE
channels resulting from a 180 fs laser pulse exposure are
larger than those from the 100 fs exposure in our exper-
iment. Also the from 35 fs laser pulse Epeak values re-
sulting are mostly larger (to a lesser extend) than those
observed in our experiment. More systematic experiments
are mandatory to rationalize this unforeseen trend.
Most recently Corrales et al. [43] uncovered at a
Coulomb explosion mechanism in which the Iq+ion frag-
ment, born out the CE of an electronically excited CH3I
molecule, instead of in its electronic ground resides in an
electronically excited states which adiabatic connect to
an electronically excited state of the CH3In+CE parent
ion. Their CE recoil energy distributions deviate strongly
from being Gaussian. The energy splitting among the dif-
ferent electronic Iq+ ion fragment states and those among
the electronic excited and ground states of their parent
molecular CH3In+ ion which PES adiabatically connects
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Fig. 4. The Abel inverted images of respectively the I+, I2+ and I3+ ion fragments shown in the left, center and right panel.
The VMI’s at the left and right side of each panel have been obtained at a laser intensity of I0 = 2.6 × 1014 W/cm2 and
I0 = 5.8× 1014 W/cm2 respectively. The white circles denote the most probable Iq+ ion fragment recoil velocity of the Gq(p.q)
channel.
to a particular electronic Iq+ ion fragment state are typi-
cally dissimilar. This all implies a non-Gaussian inhomo-
geneous KER distribution for the VMI detected Iq+ ion
fragments.
3.6 The laser intensity dependence of the KER
distribution of the I+, I2+ and I3+ ionic CH3I
fragments
The VMI recoil velocity images of the I+, I2+ and I3+
fragment ions obtained at a laser intensity I0 = 3.7 ×
1014 W/cm2 have also been recorded for a lower I0 =
2.6×1014 W/cm2 and for a higher I0 = 5.8×1014 W/cm2
laser intensity at otherwise identical conditions. The latter
Abel inverted VMI’s of the I+, I2+ and I3+ fragment ions,
were extracted from their original VMI’s in a similar way
as the Abel inverted VMI’s of Figure 2 at I0 = 3.7 ×
1014 W/cm2 and are depicted for I0 = 2.6×1014 W/cm2 in
the left halve and for I0 = 5.8×1014 W/cm2 in right halve
for each of the three observed Iq+ fragments in Figure 4.
The white solid and dashed halve circles label the P (Et)
intensity maxima of the various Gq(p, q) channels which
upon its individual optimized weighting factor resulted
also a nearly perfect ﬁt of the KER distribution at I0 =
2.6× 1014 W/cm2 and I0 = 5.8× 1014 W/cm2 for each of
the Iq+ ion fragments.
Assuming that this P (Et) distribution for each of these
Gp(p, q) reaction channels applied also at the lower I0 =
2.6×1014 W/cm2 and at the upper I0 = 5.8×1014 W/cm2
laser pulse intensities, resulted again a similar excellent ﬁt
of the observed I+, I2+ and I3+ KER distributions. These
are shown respectively in Figure 5, panels A, B and C at
I0 = 2.6 × 1014 W/cm2, at I0 = 3.7 × 1014 W/cm2 and
at I0 = 5.8 × 1014 W/cm2 laser pulse intensities, upon
employing the laser intensity optimized weighting factors
for the channel depending KER distributions. As illus-
trated in Figure 5 and listed in Table 2, the experimental
Epeak values of the DI channels turn out to be laser in-
tensity independent. The experimental Epeak values of the
CE channels shown in Table 4 increase slightly with laser
intensity. This increase maximized for the CE channel
Fig. 5. The kinetic energy distribution of (A) I+, (B) I2+, and
(C) I3+ fragment ions at diﬀerent laser intensities. The arrows
in each ﬁgure indicate diﬀerent reaction channels. (a) G1(0, 1),
(b) G1 (0, 1′), (c) G1(1, 1), (d) G1(1, 1′), (e) G1(2, 1), (f) G2(0,
2), (g) G2(1, 2), (h) G2 (2, 2), (i) G2(3, 2), (j) G3(2, 3) and
(k) G3(3, 3).
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Fig. 6. The laser intensity dependent branching fraction of the observed DI and CE channels. The branching fraction of the
particular I+q ion Gq(p, q) reaction channel is equal to the intensity of that particular I
+q ion Gq(p, q) reaction divided by the
sum of all Gq(p, q) reaction channels that contribute to the I
+q ion intensity.
Table 4. The KERI of I
n+ (n = 1−3) from the various Coulomb explosion channels at diﬀerent laser intensities. The Coulomb
explosion channels are noted as (p, q) where the p and q are deﬁned as CH3I
(p+q)+ → CHp+3 +Iq+.
CE channel Measured fragment ions
KERI (eV)
2.6× 1014 W/cm2 3.7× 1014 W/cm2 5.8 × 1014 W/cm2
(1, 1) I+ 0.45 0.46 0.47
(2, 1) I+ 0.70 0.72 0.75
(1, 2) I2+ 0.78 0.80 0.84
(2, 2) I2+ 1.22 1.32 1.43
(3, 2) I2+ 2.01 2.15 2.22
(2, 3) I3+ 1.85 2.04 2.21
(3, 3) I3+ 3.21 3.41
with the largest n = p + q values. This we rationalize
as being due to a shortening of the RC bond length for all
CE channels when one increases the laser intensity.
This all leads to an excellent ﬁt of the kinetic recoil
energy distributions for each of the Iq+ fragments upon
optimizing weight of the contributing Gq(p, q) channels at
I0 = 2.6 × 1014 W/cm2 and at I0 = 5.8 × 1014 W/cm2
respectively. Again, similarly to those shown in Figure 3,
each of the Iq+ distributions at I0 = 2.6 × 1014 W/cm2
and at I0 = 5.8× 1014 W/cm2 are normalized to Iq+ = 1
at their KER probability maximum. The normalized Iq+
KER distributions observed at these three diﬀerent I0
laser intensities are shown in Figure 5, panel (A) for I+,
panel (B) for I2+ and panel (C) for I3+. Since all distribu-
tions were normalized to the component with the highest
intensity (the G1(1, 1′) component of I+, the G2(1, 2) com-
ponent of I2+, the G3(2, 3) component of I3+), the relative
intensities of the components as a function of the laser in-
tensity are compared to each other in Figure 6 according to
their branching fraction. For the P (Et) components at the
low kinetic energy region, i.e., the G1(0, 1), G1(0, 1′) and
G1(1, 1) components of I1+ and the G2(0, 2) component
of I2+, their relative intensity was observed to decrease for
increasing laser intensity. On the other hand, the relative
intensities of the components in the high kinetic energy
region, the G2(2, 2) and G2(3, 2) components of I2+, the
G3(3, 3) component of I3+, increase with the laser inten-
sity. Our results show that the outcome of the competition
between the various channels for the ionic fragmentation
of CH3I depends strongly on the intensity of the intense
laser ﬁeld.
3.7 Angular distributions of fragment ions
Figure 7 shows the angular distributions of CE and DI
Gq(p, q) channels as obtained from the Abel inverted VMI
images depicted in Figure 3, taken from a narrow recoil
velocity band at the Et = Epeak position of P (Et) distri-
bution for each Iq+ ion fragment. These angular distribu-
tions are given as a function of the angle θ between the
laser polarization axis and the fragment recoil direction,
which coincides with the molecular axis.
The angular distributions of the sum of the G1(0, 1)
and G1(0, 1′) channels and that of the G2(0, 2) DI channel
have been expressed in a Legendre series:
I(θ) = A
[
1 +
∑
2n
β2nP2n(cos θ)
]
. (7)
The signiﬁcant values of the anisotropic parameters β2n
(up to β6), as obtained for each of these components,
are listed in Table 5. These anisotropy parameters are a
signature of the channels underlying MPDI mechanism.
The duration of the 100 fs laser pulse is too short to align
the CH3I(X) parent molecule prior to MPDI with respect
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Fig. 7. Angular distribution of fragment ions of CE and DI
channels labeled with (p, q) obtained from the Abel inverted
ion-images at a 3.74 × 1014 W/cm2 laser intensity which is
depicted in the most right panels of Figure 2. The ion intensity
of each channel has been normalized to 1 at their maximum.
θ is the angle between the polarization direction of the laser
pulse and the recoil velocity vector of the fragment ions.
to the laser polarization vector. The angular distributions
of G1(2, 1), G2(1, 2), G2(2, 2), G2(3, 2), G3(2, 3) and
G3(3, 3) CE channels are found to be strongly aligned
with respect to the polarization vector of the 800 nm
100 fs laser pulse. Their ion recoil intensity drops to es-
sentially zero over a 60◦ ≤ θ ≤ 120◦ range for n = 3 up
to 30◦ ≤ θ ≤ 150◦ for n = 6. Inspection of Panel (a) in
Figure 2 shows the presence of a serious intensity overlap
between the G1(1, 1) and G1(1, 1′) channels. It was this
recoil intensity overlap that necessitated to Abel invert
the recoil angle dependency for the sum of the G1(1, 1)
and the G1(1, 1′) channels. This overlap artifact might be
the reason why the recoil intensity does not drop to zero
around θ = 90◦.
The Coulomb explosion channels strongly favor to CE
the positive charged Iq+ and there for also the positive
charged CHp+3 to recoil along the polarization vector of
the intense 800 nm 100 fs laser pulse. Due to the large mo-
ment of inertia along the C-I axis and the small anisotropic
dipole polarizability of CH3I it is that the anisotropic
angular distributions resulting from CE of the fragment
ions are due to geometric alignment [51], as was also con-
cluded in previous studies of polyatomic molecules, such
as CS2 [25], C2H5OH [52], C2H4 [53] and CH2I2 [54]. The
angular distribution in the recoil velocity of the Iq+ frag-
ments of the Coulomb exploded CH3I is expected to be
partial due to PIA as discussed in Section 3.5.
It is interesting to note that for the CH3I explosion
channels the angular distribution of the I+ ion fragment
G1(2, 1) channel is remarkable similar to that of the G2(1,
2) channel I2+ ion fragment. This in spite of their not iden-
tical KERs energies: 0.65± 0.02 eV for the G1(2, 1) com-
ponent and 0.80± 0.07 eV for the G2(1, 2) component. A
similar resemblance was found for the angular distribution
of the I2+ component G2(3, 2) of the I2+ and the G3(2,
3) component of I3+. The same angular distributions and
kinetic energies indicate that these components of diﬀer-
ent ions are produced from the same precursor ions via
Coulomb Explosion.
4 Conclusion
In this work, we have investigated dissociative ionization
and coulomb explosion of CH3I induced by femtosecond
laser at 800 nm using a velocity map ion imaging method.
KERs and angular distributions of fragment ions were
measured and accordingly the diﬀerent dissociative ion-
ization and coulomb explosion channels have been identi-
ﬁed. By investigating the angular distribution of the frag-
ment ions In+ (n = 1−3) at laser intensities ranging from
about 3 × 1014 to 6 × 1014 W/cm2, geometric alignment
was concluded to be mainly responsible for the observed
anisotropy. Geometrical ionization and PIA enhanced ion-
ization schemes have applied to interpret the experimen-
tal observation that the measured kinetic energies for In+
(n = 1−3) increase and sharpen with increasing laser in-
tensity for the CH3I Coulomb explosion channels.
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